kinetics is principally founded on comparative studies of trained and untrained youth and much remains to be elucidated. This paper reviews peak 2 
Introduction
Aerobic fitness can be defined as the ability to deliver oxygen to the muscles and to utilize it to generate energy to support muscle activity during exercise. In one paper it is not possible to do justice to all indicators of aerobic fitness (e.g. blood lactate thresholds, ventilatory threshold (TVENT), exercise economy, exercise recovery kinetics, etc) and the focus herein is on arguably the two most important markers of aerobic fitness, peak oxygen uptake (peak In this invited paper we were challenged to consider 'what we know and what we don't know' about aerobic fitness and trainability in healthy youth. The paper brief included a restriction on reference citations (10-20) so throughout we have referred readers to recent reviews to access source material and cited few individual studies. Our objectives are to outline current understanding of peak In puberty body mass increases at a greater rate than peak 
Peak oxygen uptake

Optimal training programmes
The vast majority of training intervention studies that have reported increases in children's
have used sustained periods of constant intensity exercise training (CIET) (e.g. duration ~20 min; intensity ~85% of maximum heart rate (HR)). But,
iii)
is CIET the optimal training programme for enhancing peak
High-intensity interval training (HIIT), which consists of repeated sessions of brief, intense bouts of exercise interspersed by short periods of rest or low intensity exercise, has been shown to be an effective and time-efficient approach to training in adults (9) . As pre-pubertal children recover more rapidly from high-intensity exercise than adults (4) 
Further investigations with well-defined participant groups and both CIET and HIIT protocols are required to tease out the relative efficacy of CIET and HIIT in increasing peak
2 O V  in youth.
Biological maturation
Following reports that training of pre-pubertal children did not induce significant changes in
the existence of a 'maturational threshold' was hypothesized. It was proposed that there is a 'trigger point', influenced by the modulating effects of the hormones which initiate puberty, below which the effects of training will be minimal or will not occur. This notion of pre-pubertal children having no response or a blunted response to endurance training has become embedded in the paediatric literature (3, 12) . But,
iv) is there really a 'maturational threshold' or 'trigger point' which governs responses to training?
A persuasive theoretical argument can be made for a maturational effect on the response of A recent series of investigations specifically addressed the maturational threshold hypothesis.
In cross-sectional studies a similar influence of training status on the physiological responses to exercise of pre-pubertal and pubertal girls was demonstrated. In a longitudinal study of 10-12 year-old trained swimmers and untrained peers, observed over three annual measurement points, it was noted that increases in peak
were not associated with changes in maturation status (12, 14) .
Present data support the view that the maturational threshold hypothesis remains to be
proven. But, longitudinal data from both sexes with measurement occasions covering a time period which includes pre-puberty, puberty and post-puberty are required to elucidate further the possible influence of biological maturation on aerobic trainability.
Physiological mechanisms
Understanding the mechanisms underlying training-induced changes in young people's peak 
Responses to incremental exercise following training
A different SV response pattern during incremental exercise has been observed in trained compared to untrained children. In untrained children SV has been assumed to reach its peak at ~40-50% of peak
and then plateau but in trained children SV has been noted to increase progressively to exhaustion, perhaps through elevated diastolic filling. There is no compelling empirical evidence to suggest that resting or maximal a-vO2 diff in youth is affected by training but training status has been related to a rightward shift in the response pattern between these two points, with a sigmoidal oxygen extraction curve relative to % exercise intensity (12, 14) . But, at the muscle due to the almost instantaneous increase in Q  which is initiated by vagal withdrawal and the mechanical pumping action of the contracting muscles.
ix) what is the physiological explanation for a rightward shift of a-vO2 diff during incremental exercise in trained youth? The non-invasive estimation of Q  and HR coupled with the emergence of NIRS and the ability to monitor [HHb], offers the potential to reveal new insights into the balance between SV and a-vO2 diff during incremental exercise following appropriate training interventions.
Pulmonary oxygen uptake kinetics
But,
x) is the duration of phase I related to chronological age, biological maturation and/or sex?
and,
xi) is the duration of young people's phase I specific to exercise domains?
Investigations of the length of phase I and the mechanisms underlying changes with chronological age have been constrained by methodological challenges. Men have been reported to have a longer phase I than boys in response to the onset of a transition to 50% of 13 peak 2 O V  , perhaps due to the shorter distance between exercising muscles and the lungs in boys. In contrast to men, boys' phase I duration does not appear to decrease at higher metabolic rates. Chronological age-related data from females are restricted to a longitudinal study of 10-13 year-olds where it was noted that over three annual measurement occasions the duration of phase I at the onset of heavy intensity exercise increased in both girls and boys (8) . Pre-pubertal boys present a shorter duration cardiodynamic phase than pre-pubertal girls but why there is sexual dimorphism is unclear. It might be indicative of a more rapid increase in SV at the onset of exercise in boys than in girls, an observation noted in a study using Doppler echocardiography (17) .
Little is known about chronological age-and sex-related differences (and their mechanisms) in the duration of phase I across exercise domains. Independent effects of biological maturation on phase I have not been studied. Further investigation is warranted.
Phase II
Children are characterized by a faster primary (phase II) time constant (τ) at the onset of moderate intensity exercise (< TVENT), heavy intensity exercise (> TVENT < critical power have noted that at the onset of heavy intensity exercise the primary τ increases with age in both children and adolescents (2, 5 Children's faster τ and therefore greater aerobic contribution to ATP re-synthesis at the onset of exercise indicates that they have an enhanced oxidative capacity. This is likely due to greater oxygen delivery and/or better oxygen utilization in the muscles. In conflict with data from adults, young people's peak used priming exercise to raise Q  and muscle oxygenation prior to the onset of subsequent very heavy intensity exercise and noted the primary τ to be unchanged. This suggests that in exercise above TVENT the phase II τ is principally dependent on intrinsic muscle metabolic factors rather than oxygen delivery (2, 5).
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A reasonable hypothesis is that the faster phase II τ in children is due to an age-dependent effect on mitochondrial oxidative phosphorylation which is in accord with children's enhanced aerobic enzymes activities and higher % of type I muscle fibres compared to adults.
Similarly, the reported sexual dimorphism is consistent with girls having a lower % of type I fibres than similarly aged boys (4, 5) . Rigorously determined and appropriately analysed data on young people's phase II τ response at the onset of exercise are accumulating but knowledge of independent effects of biological maturation on the primary τ is almost nonexistent (2, 5). min of exercise and increases in magnitude with chronological age. A longitudinal study identified significant sex differences in the relative magnitude of pre-pubertal children's SC and also noted that, in both sexes, despite an increase in the size of the SC the overall oxygen cost at the end of exercise did not change on test occasions 2 years apart. This implies that the phosphate turnover needed to sustain exercise is independent of chronological age and that younger children achieve a larger portion of their end-exercise p 2 O V  during phase II (5, 8) . 16 There is a phase III SC in both children and adolescents during very heavy intensity exercise but, to date, sexual dimorphism has not been addressed in this exercise domain. Intriguingly, in the very heavy exercise intensity domain young people's SC has been observed to stabilize at ~85-90% of peak 
Targeted research using non-invasive technologies is required to tease out the mechanisms of chronological age-biological maturation-and sex-related differences in p
xviii) does biological maturation influence the SC?
Data from adults provide compelling evidence that > 80% of the SC originates from the exercising muscles (16) . If this is the case in youth, the increase in magnitude of the SC with age might be due to progressive changes in muscle fibre recruitment. A rational hypothesis is that enhanced glycogen depletion of type I fibres and greater recruitment of type II fibres with chronological age promote an increased SC. Reported chronological age-related differences are in accord with children presenting higher oxidative enzymes activities and lower glycolytic enzymes activities, and a higher % of type I fibres than adults. There are no data on whether, independent of chronological age, biological maturation influences the SC.
Sex-related differences in the SC are consistent with boys having a higher % of type I fibres than similarly aged girls but, for ethical reasons, muscle biopsy data from healthy children and adolescents are sparse (2, 5) . Evidently much remains to be learned about the development of the SC in different exercise domains. Comparative studies are informative but cross-sectional designs preclude distinguishing between genetic selections and training effects on the observed differences. In the only published training intervention study to date, a 6 week high-intensity games intervention 19 programme significantly speeded the primary τ of pre-pubertal obese children but had no significant effect on the primary τ of normal weight pre-pubertal children. In general agreement with cross-sectional studies, peak 2 O V  in the obese group did not change and was therefore dissociated from the speeding of the primary τ. In accord with comparative data, the magnitude of the SC was unaffected by training in both groups (15) .
The introduction of non-invasive experimental models
Research questions
It is readily apparent that knowledge of p The aerobic trainability of young people is no longer in dispute but the optimal training programme(s) to enhance improvements in peak 2 O V  , the speed of the primary τ and the reduction of the magnitude of the SC remain to be established. The mechanistic bases for training-induced changes and the modulating effects of chronological age, biological maturation and sex are yet to be resolved.
